UK Patent Application m,GB „i,2347446 ,.»A 



<43> Om of Printing by UK Omc« 0#.09.2000 



CD 


AppiieattOA No 000d4t7.9 


(51) 


INT CL 




E9ia ^/lA M/1A 




OactofpiiiAO lUT.IiW ' 








tilt fPdltlnA A 1 


<30| 


Priortiy Oats 




61FFACPAC9 




(31) 97146S1J (32) 12.07,1tt7 03) 01 








(58) 


Oocumantf utad by ISA 




International Appttcatiofi Data 




WOM/29li« A US 37aOt1 A US 36tS1SO A 








US 3481220 A US 33ft3Mf A 






iflan* Ai itt a-aimuu at ita CMAiikmB 

Mar WUjrv rlrK 1 IW^BwlVI BFHJincCn 


\m 


tntamational Pufalteation Data 




MTVMlATIfiliAL v^as iiA.ia flrfirfiM^ IMA nan— 

m 1 EfW^I IWflWlii VWvOTf rNP« IW WVlOTBw IvW* pM^OT 


wcm/ontt Cfi 2i.oi«i9it 




M-U.XM00aa447t 






(56) 


RtldofSaarchbylSA 




ApplteantCal 




INTCL^ f21i 




WaMharferdaimb. Ine 








(iRcofperatadin U9A - Dalawarai 




Agant andAftr Addraaa for Sar>Hea 




0/0 CSC • Tha Unliod Stataa Caf^dratiaA Comoanv, 


(74) 




IMS Cantra Road. WQnMiiflton, Oalawara 19m 




Cryttcahafili ^ FaifwaattMf 




UnHatf Staiaa of Amaika 




If Royal Escfcanoa Sqiiara, QUSQOW. 01 3AS, 
Uidlad Kifiodaai 




Invantorfa) 








Fad David Mataaifa 







(54) AbmradTttla 

OownholstuMnt 

(57) Tharo la provldad s downholo tutoir^ soaffng systani nO) eomprltirtfi 8 radially axpandablo slotted 
tubulor body (16) carrying dafbrmablo matarlol i22i on tho ixtorlor tharaoft and a soal mambor (26> tor 
location within tho lubulsr body and far •figsging ait Imtsr turfscs of saM body, Thoca is fufthar provided a 
msthod of soallng 8 portion of a downholo bort. tha mathod comprteing locating a radially expandabia slotted 
tubular body <ie) carrying dafbrmabla matarlaJ «2) on thg axtarlor thereof In a bora, expanding tha body 
radially Into contact with tha bora walk snd locating a taai mambar (28) whhin tha body and radially extending 
tha saal mambar to sngaga an innar surfwa of tha body, so saallng a portion of tha downhola bora. 



PCX 



WOULO n<rm.L£CTUAL niOI»ERTY ORGANIZATION 
[ncenuuioiui BaieM 




INTERNATIONAL APPUCATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCD 



(51) lotmiliQflai Ptttnt 
E21B 43/10, 33^0 



Al 



(II) iBtMiaUoiiAl PttbUcadoa Nambu^ WO 99/D281S 

(43) (nttrrutioiMl PubtkaOoa DmtK l\ January 1999 Ui.0\.99) 



(21) Intcmtloial AppUcation Numbtrt PCT/GB98/02066 

(22) tnlimtioiial Fllliif DMs 13 iuiy 199% ( 13.07.98) 



(30) Priority Dati: 
9714d5U 



12 July 1997(12.07.97) 



GB 



(71) AppJIcaal (for ail dtsign atdd Sia t9J »xetp€ US)t ?€T^OUSE 

WELLSYSTEMS LIMTICD (GB/GB|; Offshoie Technol- 
ogy Parte; aaymon Drive, Bridgs of Don. Aberdeen AB23 
dGD (OB). 

(72) Inventor; and 

(75) bmntoi/Applkanl (fir US pnfyjt METCALFE, PmiL David 
COB/GB); Mofth Wing^ Buckleibon Steading* Petercukter 
ABI4 0NP(CB)* 

(74) AfMU: McCALLUH wnilanu Potter et al.; Cniiitthank A 
Fairweacher, t9 Royai Exehan«» Squire, Glasgow Gl 3AE 
(GB). 



(81) Designated States: AL. AH AT. AU. AZ. BA SB. BG. BR. 

BY. CA, CH. CN. CU, CZ, DE* DK, EE, ES. FI. GB, GE. 
GH. OK HR. HU. ID. lU IS, JP. KE, KG. KP. KR. 
LC, LK, LR. LS. LT LU. LV, MD, MG, MK. MN. \W. 
MX NO, NZ, PL PT» RO. RU. SO. SE, SG, SI SK. SU 
TJr, TM, TR, TT, UA. UG. US. U2, VN, YU, ZW. ARlPO 
patent (Gft GM, KB. LS, MW, SD. SZ. UG. ZW). Eunsun 
patent (AM, AZ. BY. KG, KZ. MD. RU, TJ. TM). European 
pacenc (AT, BE, CH. CY. DE, DK, ES. Fl. FR. GB. GR. 
IE IT, LU, MC NU PT. SE). OAPl patent (BF. BJ. CF. 
CO, CL CM, OA ON, OW, ML, MR, NE, SN. TD. TG). 



WliH international uarck report 



(54) Title: DOWNHGLB TUBING 




(57) AtMtract 

IhM IS provided i downhoto tubing seating syitem (10) compciiing a ridiaUy cxpendaWe slotted tuk^qlar body (16) carrying 
defotmabie malMiai (22) on the exwior ±mot and a seal member (26) for loiatioa widrin the tuWar body and for engaging m inner 
suitea of said body. Ibern U fiiither provided a metbod of sealing a ponion of a downbole bore» die medwd compming tocaimg a radially 
expandaMe slotted tubalar body (l«) cuxying defocmable material (22) on the exterior dmeof in e bore, expending ttic body radully into 
contaowidi the bore wall, and locating a seal member (26) within the body and radlaUy e*iwdteg the seal member to engage an mner 
surfK!: ot d» body, so selling a poniOB of die downhole bore. 



eoK THE euarosss w ofFouunon only 



Code* used to idMUUy SMM puty 10 ite per oo the Am ptfn of pnpUett puUbh^ 



At 




0 




AM 


Aim^ 


ft 


AT 


Auiflli 


vm 




AU 




04 




AZ 




GA 




BA 




QB 




U 


Birtadot 


GH 




BS 








IT 


BuMiTta 


GA 




W 


Bttlprii 


HU 




aj 




» 




M 


^ — I* 
wm 






BY 




a 




CA 


Caaadt 


ff 




cr 


CmbiI ABIm Btpwbft 


jp 




CG 


CMBB 


KB 




CM 




BO 




a 




KP 




CM 








CM 


ChiM 


KB 


KtpMtoaCICim 


cu 


Cuba 


KB 




cz 




LC 




Dt 


Qmaajr 


U 




OK 




UC 




BS 




LB 





LS 






« 




LT 






SB 




LU 






SN 




LV 






SB 




MC 






TO 


CM 


MB 


Ri^M 




TO 




MO 






TJ 




MK 




BMT l^ifoilav 


tM 


'HrtBMiiiaft 


ML 




BQfMndnja 


TB 




Mill 




TT 




MN 






UA 




MB 






UG 


(/|aadi 


MW 






l» 


UaM Siattt o( Amenca 


a4X 






UX 


UsbtklHtt 


NB 






vw 


VwiNtm 


Nt 


K«iMli 




YC 


Y^ifoiltvia 


M 






ZW 






WO99/0281S 



PCT/G 898/02066 



This invencion relates to downhola tubing, a downhoLe 
tubing sealing system, and to elements of such a system. 
The invention also relates to a method of lining a bore and 
to a method £or sealing downhole tubing. 
S In oil and gas extraction operations, a bore is 

drilled through the earth to intersect a hydrocarbon- 
bearing formation which forms the hydrocarbon reservoir, 
allowing oil and gas from the reservoir to be transported 
to the surface. The bore intersecting the reservoir is 

10 typically lined with steel casing which is cemented in the 
bore. A perforating gun is then lowered into the bore and 
detonated to form perforations which extend through the 
casing and th^ cement and i^tb tha formation. Typically, 
sets of perforations are provided at intervals along the 

IS casing, and the perforated casing may extsnd for several 
thousand metres through the formation. To control the flow 
of oil from the formation inflatable packers may be 
provided to isolate selected sets of perforations and thus 
isolate the corresponding portions of the formation. 

20 It has recently been proposed that such cemented and 

perforated casing be replaced by expandable slotted tubing, 
such as described in WO93\25800 (Shell Internationale 
Research Maatschappij a. v.). Such tubing comprises le.n.gchs 
of tube which have been machined to create a large nunber 

25 of overlapping longitudinal slots. The tube is radially 
expanded, whil downhola, into contact with the bore wall. 
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the sloes excending co create diamond -shaped apertures. 
The expanded tube thus provides support for the bore wall 
while allowing oil to flow into the bore chrough the 
extended slots. 

It is among the objectives o£ embodiments of the 
present invention to provide a system which allows a 
section of bore wall lined with such expanded tubing zo be 
sealed or isolated, and thus facilitate control of the flow 
of oil from a hydrocarbon reservoir. 

According to one aspect of the present invention there 
is provided downhole tubing comprising a radially 
expandable slotted tubular body carrying deformable 
material on the exterior thereof* 

According to a further aspect' of the present invention 
there is provided a downhole cubing sealing system 
comprising a radially expandable slotted tubular body 
carrying deformable material on the exterior thereof, and 
a seal member for location within the body and for engaging 
an inner surface of the body. 

In use, the tubular body is located in a bore and 
expanded radially into contact with the bore wall. The 
presence of the deformable material on the exterior of the 
body ensures that full contact ie achieved between the 
outer surface of . the body and the bore wall. The sealing 
member is then activated to engage the inner surface of the 
body and provides a sealing contact therewith. The length 
of the seal member and/or the location of the seal member 
in the body is selected such that none of the slots Ln cp.e 
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body extend beyond boch ends of the seal member; ocher^^ise, 
fluid would be able to flow around the seal member by 
passing along the slots. 

According to another aspect of the present invention 
S there is provided a method of isolating a portion of a 

downhole bore, the method comprising the seeps of: 

providing a radially expandable slotted tubular body 
carrying deformable material on the exterior thereof; 

locating the body in a bore and expanding the body 
10 radially into contact with the bore wall; and • 

locating a seal member within the body and radially 
extending the member co engage an inner surface of the 
body. 

As used herein the terms ''slots'^ is intended co 
15 encompass any holes or apertures which facilitate expansion 
of the body^ including bores, slots or weakened areas which 
initially only extend part way through the body. 

These aspects of the invention permit the complete 
sealing of a bore lined with expanded slotted tubing. 
20 Conventional expanded slotted metal tiibing does not achieve 
a fluid-tight metal-to-rocJc contact: because the outer 
surface of the tubing • tends to retain its original 
curvature, that ia the curvature of the unexpended tubing, 
not all of the outer surface contacts the bore wall 
25 following expansion. With the inner surface sealed, for 
example by a packer, there remains a small area s-shapec 
leak path betw en the tubing and the bore wall where che 
tubing is not in contact with the wall; this leak path may 
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accouiic for around 0.5V of the cross seccional area of a 
bore. However, with che present invention the deformable 
material on the outer surface of the body allows complete 
contact between the body and the bore wall and eliminates 

this leak path. 

Preferably, che deformable material is an elastomer. 
Of course the deformable material will be selected to 
withstand handling and che conditions experienced downhole. 
for example the selected material preferably bonds to the 
body outer surface sufficiently to prevent .erosion or 
degradation during installation, withstands the elevated 
temperatures experienced downhole (typically 130 * lao^'C) , 
and is resistant to crude oilSr brines, acids and other 
fluids likely to be encountered downhole. 

According to a further aspect of the present invention 
there ie provided a method of lining a downhole bore, che 
method comprising the steps of: 

providing a radially expandable slotted tubular body 
carrying deformable material on the exterior thereof; and 
locating the body in a bore and expanding the body 
radially into contact with the bore wall- 

These and other aspects of the present invention will 
now be described, by way of example, with reference to che 
accompanying drawings, in which: 

Figure I is a schematic sectional view of a downhole 
sealing system in accordance with an embodiment of the 
present invention, shown in a b re; 

Figure 2 is an enlarged sectional view on line 2 - 2 
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o£ Figura I; and 

Figure 3 la an enlarged side view o£ the cubing o£ 
system of Figure 1, one half o£ the Figure illustrating che 
efface of the absence of a deformable material coacing as 
provided in embodiments of the present invention. 

The drawings illustrate a downhole tubing sealing 
system 10 in accordance with an embodiment of the present 
invention. The system 10 is shown, in Figure 1 of che 
drawings, in a drilled horizontal bora 12 which incerseccs 
an oil bearing Sormacion or reservoir 14. 

The system 10 includes tubing 16 , similar to that as 
described in W093\25800 (Shell Internationale Research 
Maatschappij which includes a large number of 

overlapping longitudinal slots 18.- The tubing IS is run 
into the bore 12 in unexpande<4 configuration and a mandrel 
then pushed up or pulled through the tubing 16 to expand 
the ttabing radially outwards. The expansion is 
accommodated by the extension of the slots 18 to form the 
diamond shaped apertures as illustrated in Figure 3 of the 
drawings. As may be seen in Figure 2 of the drawings, the 
tubing IS is expanded into contact with the bore wall 22. 
and thus provides support for the bora wall 20 while 
allowing oil to flow from the reservoir through the 
expanded slots 18. 

The tubing 16 is formed of an appropriate metal, 
typically steel, and carries an external coating of a 
deformable material in the form of an elastomer 22. Th 
provision of the elastomer coating allows the outer surf ac 
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of the tubing 16 to form a sealing contact with rhe bore 
wall 20, as described below. 

On expansion of the tubing IS, the metal outer surface 
of the tubing tends to retain its original curvature, that 
S is the curvature of the unexpanded tubing, as may be seen 
from Figure 2. As a result, in the absence of an elastomer 
coating 22, not all of the outer surface of the tubing 
would contact the bore wall 22 following expansion; metal- 
to-rock contact would only be achieved at the contact 

10 points 24 as indicated in Figures 2 and 3. Thus, it may be 
seen that, in the absence of the elastomer coating, a small 
area S- shaped leak path would remain between the tubing and 
the bore wall where the tubing was not in contact with the 
wall. However, in the present invention, differential 

15 compression of the elastomer coating 22 ensures that there 
is an elastomer- to -rock contact around the circumference of 
the tubing (though of course not at the slots la) . 

In the illustrated example the reservoir 14 has been 
isolated from the bore 12 by providing a packer 26 within 

20 the tubin? 16 « the packer providing a sealing contact with 
the interior of the tubing IS over the length of the 
intersection of the bore 12 with the reservoir 14. The 
packer 26 is mounted on a tube 28 which allows fluid to 
flow past the isolated reservoir 14. 

25 It will be apparent to those of skill in the art that 

th above-described embodiment provides numerous advantages 
over conventional cemented and perforated casing systems, 
and also other methods of sealing expanded slotted tubing. 
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such as providing an external iaolacion sleeve on rhe 
cubing. With the present invention, the whole length of 
the tubing may contribute to flow aa all of the slots in 
the tubing are normally opened- Further, the internal 
sealing member or packer may be provided at any location in 
the tubing, and is thus adaptable to deal with any 
situation or problems that may arise in a bore. 

It will also be clear to those of skill in the art 
that the above-described embodiment is merely exemplary of 
the present invention, and that various modifications and 
improvements may be made thereto, without departing from 
the scope of the present invention. 
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1. Downhole tubing comprising a radially expandable 
slotted tubular body carrying deformable material on the 
exterior thereof. 

5 2. The downhole tubing of claim 1 wherein said deformable 
material is an elastomer. 

3. The downhole txibing oE claim 2 wherein said elastomer 
is selected to be resistant to high temperatures, and to 
crude oils, brines, acids, and other degradative fluids 

10 encountered downhole » 

4. A downhole tubing pealing system comprising the 
downhole tubing of claims 1 to 3, and a seal member for 
location within said body and for engaging an inner surface 
of said body, 

15 S* A method of isolating a portion of a downhole bore, 
the method comprising the steps of: 

providing a radially expandable slotted tubular body 
carrying deformable material on the exterior thereof; 

locating said body in a bore and expanding said body 
20 radially into contact with the bore wall; and 

locating a seal member within said body, and radially 
extending said member to engage an inner surface of said 
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body, 

6. A method of lining a dovmhole bore, the method 
comprising the steps of : 

providing a radially expandable slotted tubular body 
carrying deformable material on the exterior thereof; and 

locating said body in a bore and expanding said body 
radially into contact with the bore wall. 
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